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Abstract—For planning and optimization of hydraulic 
structures as well as maintenance measures physical and 
numerical models are basic tools. This applies to reproduce 
complex physical processes in the context of hydraulic and 
morphological problems as accurate as possible. Curved 
channel sections represent a particular challenge, since both 
the hydraulics and the morphodynamics are partly 
significantly affected by so-called secondary flow effects. Due 
to the complex flow situation and the improved computing 
power in recent years, three-dimensional numerical models 
with high-resolution are used increasingly. In the context of the 
presented comparative considerations based on two laboratory 
experiments with curved channels the numerical models 
TELEMAC-3D/SISYPHE and SSIIM were applied. Although 
there are differences in solving the flow equations and in the 
turbulence models used, that the results of the hydraulic 
conditions  as e.g. the velocity distribution, the water level or 
the secondary flow were in close agreement. As to the 
morphological results mainly a good agreement between the 
results of TELEMAC-3D/SISYPHE and SSIIM can be 
observed. In spite of local differences both models reproduced 
the measured bed evolution quite well. 
 
I. INTRODUCTION 
Within a scientific cooperation of the German Federal 
Waterways Engineering and Research Institute (BAW) and 
the Institute of Water and River Basin Management (IWG) 
of the Karlsruhe Institute of Technology (KIT) the analysis 
and further development of the existing numerical sediment 
transport models used as forecast instruments on inland 
waterways is considered. One focus of the investigations is 
the analysis of hydraulic and morphological processes in 
curved sections of waterways. The flow pattern as well as 
the direction of the sediment transport are affected by 
secondary flow effects due to the interaction of the 
centrifugal force, the lateral pressure gradient and the 
roughness of the bed. Thus, a suitable reproduction of the 
secondary flow in the numerical model is a basic 
requirement for a reliable sediment transport modeling in 
curved channels. 
Against this background, hydraulic and morphological 
simulations of two laboratory experiments of Yen & Lee 
[23] and Wormleaton et al. [21] with different curved 
channel geometries were performed. Moreover, two different 
three-dimensional numerical programs were used. In 
addition to TELEMAC-3D/SISYPHE developed by EDF 
(“Electricité de France”) the program SSIIM of the 
University of Trondheim (Olsen [17]) was considered. Both 
programs are available for free, whereas TELEMAC-
3D/SISYPHE is an open-source and SSIIM a freeware 
program. With the help of comparative considerations the 
influence of the differences in solving the flow equations as 
well as the usage of different turbulence models on the 
hydraulic and morphological results should be analysed. 
II. NUMERICAL METHODS 
In TELEMAC-3D two different methods for solving the 
flow equations are implemented. While SSIIM solves the 
Navier-Stokes equations in all three spatial directions, the 
standard version of TELEMAC-3D is based on with the 
hydrostatic pressure assumption in the vertical direction. 
However, by using the approach of Jankowski [13] it is also 
possible to use a non-hydrostatic version of TELEMAC-3D, 
which was applied in these studies.  
The horizontal mesh of the TELEMAC-3D model 
consists of triangles with variable lengths of the edges in 
horizontal direction. By defining breaklines and local grid 
refinements it allows an accurate capture of the channel 
geometry. The horizontal mesh of the SSIIM model is based 
on structured non-orthogonal rectangular cells. For the 








Figure 5.  Evaluation of the determined secondary flow in cross section J 
 
A direct comparison of the intensity and the frequency 
distribution of secondary flow computed at cross sections G, 
H, I and J shows good agreement among the models (Fig. 6). 
The range and the location of peak value of the secondary 
flow velocities within the sections secondary flow velocity 
match very well. The deviations of the maximum secondary 
flow velocities are lower than about 7 percent.  
 
Figure 6.  Analysis of the secondary flow dimensions and their frequency 
distribution based on cross-section 
 
V. MORPHODYNAMIC MODELLING 
For the morphodynamic modeling fractional sediment 
transport approaches have been used. The results of the best 
morphological parameter configuration (e.g. transport 
formula or hiding and exposure effects) are described below. 
A. 180 Degree Cuved Channel 
For the morphological comparison of the 180 degree 
bend experiment an already completed and calibrated SSIIM 
model of the University of Trondheim (Fischer-Antze et al. 
[11]) could be used. In this case, the fractional transport 
formula from Wu et al. [22] with a specific hiding and 
exposure approach was adopted. Whereas, the simulations 
with TELEMAC-3D/SISYPHE provided the best results 
with the sediment transport formula of van Rijn [20] and the 
hiding and exposure approach of Egiazaroff [6].  
 
Figure 7.  Contour plots of predicted bed evolution and  
experiment (lines) 
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Figure 8.  Comparison of calculated and measured bed evolution at 
different cross sections 
The contour plots of the calculated bed evolution at the 
end of the hydrograph show a good qualitative agreement 
(Fig. 7). Both models reproduce the typical erosion outside 
and deposition inside of the channel bend. However, in the 
TELEMAC model increased erosion at the outer bank 
compared to SSIIM occurs. The cross sectional plots of bed 
evolution at 45, 90, 135 and 180 degrees of Fig. 8 confirm 
this observation. Compared to the experiments, the results of 
SSIIM generally show better agreement. Especially at the 
cross section of 45 degrees SSIIM reproduces the measured 
bed evolution superiorly. 
B. Meandering Channel 
For the test case of Wormleaton et al. [21] the sediment 
transport formula of Engelund & Hansen [9] was applied in 
the SSIIM model. For the consideration of hiding and 
exposure effects the approach of Egiazaroff [6] was used. In 
the TELEMAC-3D/SISYPHE model a fractional sediment 
transport version of the Meyer-Peter & Müller [16] formula 
was used in combination with the approach of Egiazaroff [6].  
Fig. 9 shows contour plots of the predicted bed evolution. 
Again, both models predict the erosion and deposition along 
the bend well. The maximum values are in a comparable 
range but there are some deviations concerning the position 
of the erosion and deposition zones.  
 
Figure 9.  Comparison of predicted bed evolution 
 
Figure 10.  Comparison of the TELEMAC-3D/SISYPHE and SSIIM results 
with measured cross section data 
The comparison of the results at cross sections G, H, I 
and J (Fig. 10) confirm these facts. In cross section G, the 
SSIIM results are slightly better compared to the measured 
bed levels, while in cross section H the bed evolution of the 
TELEMAC-3D/SISYPHE model are closer to the 
experiments. At the apex of the curve both models show 
obvious deviations from the measured bed levels, especially 
at the outer bank. This is probably due to the technical 
design of the flume, where vertical walls separate the main 
channel from the overbank parts. The experiments show 
erosion right up to these walls and so the local drop of 
resistance may have influenced the morphological processes. 
At the cross section J both models reproduce the measured 
bed levels in good agreement. However, the differences in 
maximum erosion between the prediction and the 
measurement are smaller in the TELEMAC-3D/SISYPHE 
model. 
VI. CONCLUSION 
With respect to the hydraulic results of the two different 
CFD codes TELEMAC-3D and SSIIM it could be shown 
that the water levels and velocity distributions are nearly 
similar for both model applications. In particular, the 
secondary flow, which has a significant influence on the 
sediment transport in curved channel sections, has been 
captured well of both codes. The secondary flow pattern as 
well as its intensity are comparably reproduced and show a 
good continuous agreement.  
As one crucial result of the comparison between 
TELEMAC-3D/SISYPHE and SSIIM it can be stated that 
both models provide nearly similar hydraulic results in its 
applications on two laboratory experiments, despite the fact 
that different strategies were chosen for discretisation, flow 
solver and turbulence model. 
In the Yen & Lee [23] experiment, some differences 
between the measured data and the results of the 
TELEMAC-3D/SISYPHE model, especially at the 
beginning of the bend, can be observed. The results of the 
SSIIM model generally show a slightly better agreement 
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with the measured data. Therefore, further investigations 
with TELEMAC-3D/SISYPHE, with the sediment transport 
formula of Wu et al. [22] are recommended.  
The morphological features of the TELEMAC-
3D/SISYPHE and the SSIIM model generally show good 
agreement with the flume experiment of Wormleaton et al. 
[21]. Although both models reproduce the measured data 
well, local deviations can be detected. 
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